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(54) Abnormal vibration detecting device for washing machine 

(57) An abnormal vibration detecting device for detecting abnormal vibration of a rotational tub (14, fig 6) of a washing 
machine includes an abnormal vibration detector which includes a rotational speed detecting section 36 detecting the 
rotational speed of a motor (16) driving the rotational tub (14) and a comparator section 38 comparing a speed signal 
detected by the rotational speed detecting section 36 with a reference speed signal based on the rise characteristic of 
rotational speed of the rotational tub (14) when the rotational tub (14) is rotated in an unbalanced state. The device may 
also include a further abnormal vibration detector which comprises a switch (24) operated by a lever (25) which is contacted 
by the tub (14) when it vibrates transversely during abnormal vibration. 
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FIG. 7 (PRIOR ART) 
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ABNORMAL VIBRATION DETECTING DEVICE FOR WASHING MACHINE 

This invention relates to an abnormal vibration 
detecting device for a washing machine for detecting 
abnormal vibration during rotation of a dehydration tub, and 
5 more particularly to such an abnormal vibration detecting 
device of the type that the abnormal vibration of the 
dehydration tub is detected based on motor speed 
characteristics . 

In conventional automatic washing machines, a 

10 rotational tub 2 serving both as a wash tub and a 
dehydration tub is driven by a dehydration motor 1 also 
serving as a wash motor, as shown in FIG. 7. The 
dehydration tub 2 is sometimes rotated in an unbalanced 
state during the dehydrating operation. In such a case, the 

15 dehydration tub 2 abnormally vibrates during its rotation. 
This abnormal vibration of the dehydration tub 2 is detected 
so that the dehydrating operation is interrupted. More 
specifically, upon occurrence of rotation of the dehydration 
tub 2 in the unbalanced state, a water-receiving tub 3 is 

20 abnormally vibrated as well as the dehydration tub 2. A 
detection lever 4 is provided for detecting the abnormal 
vibration of the water-receiving tub 3. The dehydrating 
operation is interrupted by a detection switch 5 responsive 
to the detection lever 4. The detection lever 4 is engaged 

25 with the water-receiving tub 3 only when the dehydration tub 
3 is abnormally vibrated. The abnormal vibration of the 
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dehydration tub 2 or the water-receiving tub 3 is thus 
detected mechanically. 

The dehydration tub 2 is vibrated not only in the 
transverse direction but also in the vertical or 
5 longitudinal direction during the dehydrating operation. As 
a result, the dehydration tub 2 is abnormally vibrated in a 
mode that the transverse and longitudinal vibration 
components are composed. The above-described abnormal 
vibration detecting means comprising the detection lever 4 
0 and the detection switch 5 are mainly suitable for detecting 
the transverse vibration component and not suitable for the 
detection of the longitudinal vibration component. 

The rotational speed of the dehydration tub 2 is not 
increased desirably even when the vibration is mainly 
5 composed of the longitudinal vibration component, and 
accordingly, there is a possibility that the operation of 
the washing machine continues without smooth progress of the 
dehydration. 

Means has been proposed for exclusively detecting the 
0 longitudinal movement of the dehydration tub 2. However, 
actual vertical movement of the dehydration tub 2 does not 
reflect the magnitude of the longitudinal vibration. 
Consequently, it is difficult to detect the abnormal 
longitudinal vibration by the method that the vibratory 
5 movement of the dehydration tub is mechanically converted to 
strokes, as is described above. 

Therefore, an object of the present invention is to 
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provide an abnormal vibration detecting device for a washing 
machine wherein the vibration due to rotation of the 
rotational tub in the unbalanced state can be reliably 
detected. 

5 The present invention provides an abnormal vibration 

detecting device for a washing machine having an outer 
cabinet, a rotational tub mounted via elastic suspension 
means in the outer cabinet for enclosing clothes to be 
washed and an electric motor driving the rotational tub in a 

10 dehydration operation, the abnormal vibration detecting 
device comprising rotational speed detecting means for 
detecting a rotational speed of the rotational tub, the 
rotational speed detecting means generating a detection 
signal representative of the detected rotational speed of 

15 the rotational tub, storage means for storing data of 
predetermined rotational speed rise characteristics of the 
rotational tub as abnormal condition determining data, the 
predetermined rotational speed rise characteristics being in 
accordance with rise characteristics of the rotational speed 

20 of the rotational tub when the rotational tub is rotated in 
an unbalanced state, and abnormal condition determining 
means comparing data of the rotational speed represented by 
the detection signal generated by the rotational speed 
detecting means with the abnormal condition determining data 

25 stored in the storage means, for determining whether or not 
the rotational tub is being rotated in the unbalanced state. 
In accordance with the above-described abnormal 



vibration detecting device, the abnormal condition 
determining data is in accordance with the rise 
characteristics of the rotational speed of the rotational 
tub in the stated that its rotational speed does not 
5 smoothly rise at the starting because of its rotation in the 
unbalanced state. Accordingly, occurrence of the abnormal 
vibration is reliably predetermined from the comparison of 
the rotational speed data obtained by the rotational speed 
detecting means with the abnormal condition determining 
10 data. 

The vibration of the rotational tub is converted to the 
mechanical strokes in the conventional device so that the 
vibration is detected. Differing from the conventional 
device, the abnormal condition detecting device of the 
15 present invention can effectively detect the vibration of 
the rotational tub even when the rotational tub is vibrated 
either in the longitudinal or transverse direction and even 
when the vibration amplitude is small. 

Preferably, the abnormal vibration detecting device may 
20 further comprise switch means for detecting a swinging 
motion of the rotational tub, the switch means generating a 
signal in response to the swinging motion of the rotational 
tub. For example, this switch means may be a switch 
mechanism comprising an actuator or detecting lever 
25 colliding with the rotational tub upon the swinging motion 
of the rotational tub or a light switch device wherein an 
optical path is connected and disconnected by the rotational 
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tub with its swinging motion. In this case, the transverse 
component of the vibration is detected by the switch means 
for detecting the swinging motion of the rotational tub and 
the longitudinal component of the vibration and the 
5 transverse component are determined by the abnormal 
condition determining means. 

The abnormal condition determining data stored in the 
storage means may correspond to the rotational speed rise 
characteristics of the rotational tub in a range of the 
10 rotational speed of the motor between the rotational speed 
of the motor at a maximum torque thereof or above and an 
ordinary rotational speed of the motor or below. 

Furthermore, the abnormal vibration condition 
determining data may include data of a set elapsed period 
15 from the time of energization of the motor for the purpose 
of starting and data of a set rotational speed at the time 
when the set elapsed period has elapsed. 

The present invention will be described with reference 
to the accompanying drawings in which: 
20 FIG. 1 is a circuit diagram showing an electrical 

arrangement of a washing machine incorporating an abnormal 
vibration detecting device in accordance with the present 
invention; 

FIG. 2 is a graph showing characteristics of a general 
25 electric motor; 

FIGS. 3 (a) -3(e) are waveform charts for explaining the 
operation of a phase difference detecting circuit employed 



in the abnormal vibration detecting device; 

FIG. 4 is a graph showing characteristics of variation 
in the rotational speed of the washing machine motor; 

FIG. 5 is a flowchart explaining the control manner of 
5 a microcomputer; 

FIG. 6 is a longitudinally sectional view of the 
washing machine incorporating the abnormal vibration 
detecting device of the invention; 

FIG. 7 is a longitudinally sectional view of a 
10 conventional washing machine showing the prior art. 

An embodiment of the present invention will be 
described with reference to FIGS . 1 through 6. FIG. 6 shows 
the construction of a known automatic washing machine in 
which the abnormal vibration detecting device in accordance 
15 with the present invention is incorporated. An outer cabinet 
11 of the washing machine encloses a water-receiving t-:b 13 
elastically suspended therein by an elastic suspension 
mechanism 12. A rotational tub 14 serving both for wash and 
for dehydration is rotatably mounted in the water-receiving 
20 tub 13. An agitator 15 is rotatably mounted on the inner 
bottom of the rotational tub 14. A washing machine motor 16 
serving both for wash and for dehydration and a mechanism 
section 17 are mounted on the outer bottom of the water- 
receiving tub 13. A capacitive induction motor is employed 
25 as the washing machine motor 16. A drain hole 18 is formed 
in the bottom of the water-receiving tub 13 and a drain 
valve 19 is provided in the vicinity of the drain hole 18. 



An air trap 20 is formed adjacent to the drain hole 18. A 
water-level sensor 22 comprising a pressure sensor is 
connected to the air trap 20 through an air tube 21 . The 
water-level sensor 22 is disposed in a rear space defined by 
5 a top cover 11a of the outer cabinet 11. A water-supply 
valve 23 and a detection switch 24 are also provided in the 
rear space. The detection switch 24 comprises a detecting 
lever 25 and constitutes tub-motion detecting switch means 
or first abnormal vibration detecting means 26. The 
10 detecting lever 25 is mounted to be inclined and to be 
rotatively moved in the transverse direction or in the 
direction of arrow A with its upper portion as a fulcrum. 
The detecting lever 25 usually hangs down as shown in FIG. 6 
and collides with the water-receiving tub 13 to be 
15 rotatively moved in the direction of arrow A when the 
rotational tub 14 and that is, the water-receiving tub 13 
are abnormally vibrated during the dehydration, as is shown 
by two-dot chain line in FIG. 6. The detection switch 24 is 
operated in response to the stroke of the rotative movement 
20 of the detecting lever 25. The mechanism section 17 
transmits rotation of the washing machine motor 1 6 only to 
the agitator 15 in the wash step, thereby rotating the 
agitator 15. The mechanism section 15 transmits the 
rotation of the washing machine motor 1 6 to both the water- 
25 receiving tub 14 and the agitator 15 in the dehydration step 
so that both of them are rotated simultaneously at a high 
speed. 



Referring now to FIG. 1 , an alternating current from a 
commercial power supply 27 is rectified and smoothed by a 
rectifier circuit 28. Then, the voltage is converted by a 
voltage regulator circuit 29 to a low DC voltage of 5 volts, 
5 for example, as a power supply voltage for electronic 
circuitry. This low DC voltage is supplied to a control 
circuit 30 composed of a microcomputer and an analog-to- 
digital (A/D) converter. 

The washing machine motor 16 is connected via triacs 31 
10 and 32 between both terminals of the commercial power supply 
27. The drain valve 19 and the water-supply valve 23 are 
also connected via respective triacs 33 and 34 between both 
terminals of the commercial power supply 27. The washing 
machine motor 16 is provided with a phase difference 
15 detecting circuit 35 detecting the phase difference between 
the voltage applied to the motor 16 and the current flowing 
through it. The phase difference detecting circuit 35 
constitutes rotational speed detecting means 36 together 
with the microcomputer of the control circuit 30. 
20 The phase difference detecting circuit 35 will now be 

described. A current transformer 37 is provided for 
detecting the current l ffl flowing into the washing machine 
motor 16. The current detected by the current transformer 
37 is converted to a corresponding voltage, which voltage is 
25 applied to a non-inverting input terminal (+} of a 
comparator 38. An inverting input terminal (-) of the 
comparator 38 is grounded. The power supply voltage is 
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divided by a resistance and the divided voltage is applied 
to a non-inverting input terminal ( + ) of a comparator 39. 
An' inverting input terminal {-) of the comparator 39 is 
grounded. Output signals from the comparators 38, 39 are 
5 supplied to an input terminal of an exclusive OR circuit 40. 
An output signal from the exclusive OR circuit 40 is 
supplied to an integrating circuit 41 . An output signal 
from the integrating circuit 41 is then supplied to the 
control circuit 30. Inputs to an key-input section 42 
10 comprising an operation course selecting switch and a start 
switch are also supplied to the control circuit 30. A 
display section 43 is responsive to a control signal from 
the control circuit 30 to display various pieces of 
information. 

15 The comparators 38, 39 of the phase difference circuit 

35 generate pulses V v and Vj_ based on the current I m and the 
power supply voltage V^, respectively, as shown in FIG. 5. 
Then, the exclusive OR circuit 40 generates phase difference 
pulses Vq. An average voltage V Qa of the phase difference 

20 pulses V Q is generated by the integration circuit 41 . This 
averaged phase difference detection voltage Vg a is converted 
by the A/D converter in the control circuit 3 0 to a digital 
phase difference detection signal, which signal is supplied 
to the microcomputer. 

25 Based on the digital phase difference detection signal, 

the microcomputer detects the rotational speed of the 
washing machine motor 16. FIG. 2 shows the relationship 



between the phase difference and the rotational speed in a 
general motor. A curve N-9 in FIG . 2 represents the 
relationship between the motor phase difference 8 and its 
rotational speed. The phase difference 6 shows little 
5 change while the motor speed is changed from "0" to ,, N 2 " 
(maximum torque point). However, the phase difference 9 is 
increased with the increase in the motor speed when the 
motor speed exceeds N 2 . Accordingly, the rotational speed 
of the motor can be detected by detection of the phase 

10 difference 9 in a section between the phase difference 2 
corresponding to the motor speed N 2 and the phase difference 
3 corresponding to the rotational speed N3. The degree of 
increase of the phase difference e is relatively mild in the 
section from the start to the speed but rendered 

15 relatively steep when the rotational speed is increased 
above . 

FIG. 4 shows rotational speed rise characteristics of 
the rotational tub 14 in different conditions. The 
characteristic curve Q a shows the rotational speed rise 

20 characteristic in the condition that the rotational tub 14 
is normally started and its rotational speed is increased to 
a rated speed without being rotated in the unbalanced state. 
The characteristic curve ^ shows the rotational speed rise 
characteristic in the case where the rotational tub 14 is in 

25 the state of relatively slight abnormal vibration, which 
vibration can be detected by the detecting lever 25. The 
characteristic curve Q c shows the rotational speed rise 
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characteristic in the case where the rotational tub 14 is in 
the state of severe abnormal vibration. 

The microcomputer serves as second abnormal vibration 
detecting means. More specifically, the microcomputer has a 
5 storage section storing data represented by the above- 
described characteristic curve showing the rotational 
speed rise characteristic in the case where the rotational 
tub 14 is in the state of relatively slight abnormal 
vibration. Since this characteristic curve Q b is shown in 
10 the case where the rotational tub 14 is being vibrated 
slightly abnormally, the rotational speeds in a region above 
the characteristic curve do not show an abnormal 
vibration while those in a region below it show an abnormal 
vibration. 

15 The rotational speed at which the detecting lever 25 is 

operated is in the vicinity of N Q (in the vicinity of time 
t Q ). In the embodiment, the rotational speed on the 
characteristic curve Q^, which rotational speed corresponds 
to the phase difference voltage V 1 , is set as a reference 

20 rotational speed for the detection of the abnormal vibration 
by the second abnormal vibration detecting means. As 
described above, this reference rotational speed N 1 is 
between the rotational speed N 2 corresponding to the maximum 
torque point of the motor and the normal rotational speed 

25 Nj. The reference rotational speed N-j appears on the 
characteristic curve Q b when a time period t^ has elapsed 
from the start of the dehydrating operation. Accordingly, 



the microcomputer generates a signal representative of 
occurrence of the abnormal vibration when the reference 
rotational speed N 1 is not reached even after elapse of the 
time period t-, . The microcomputer performs various 
5 operations accompanied by the determination of occurrence of 
the abnormal vibration, for example, processing for 
modifying the unbalanced state of the rotational tub 14, 
when the abnormal vibration is detected by the first 
abnormal vibration detecting means or by the microcomputer 
10 as the second abnormal vibration detecting means. 

The operation of the above -described abnormal vibration 
detecting device will now be described together with control 
contents of the microcomputer. fig. 5 is a flowchart 
showing the control contents of the microcomputer. The 
15 control manner shown in FIG. 5 is initiated after completion 
of a wash or rinse step when an automatic operation course 
is set. when an independent dehydration course is set, the 
control manner is initiated based on the operation of the 
start switch. 

20 The drain valve 19 is opened (step PI) and then, the 

washing machine motor 16 is energized so that the rotational 
tub 14 is rotated (step P2 } . Simultaneously, a timing 
operation is initiated for progress of the set time period 
(step P3). Then, it is determined whether the detection 

25 switch 24 has been operated or not (step P4). When it is 
determined that the detection switch 24 has not been 
operated, the rotational speed is detected based on the 



13 



phase difference detection signal V Qa supplied from the 
phase difference detection circuit 35 or the a/d converter 
(not shown) to the microcomputer (step P5). The 
microcomputer then determines whether or not the rotational 
5 speed is at the reference rotational speed value N 1 or below 
(step P6). When determining that the rotational speed is at 
the reference rotational speed value or below, the 
microcomputer determines whether the reference period time 
t 1 for determination has elapsed or not (step P7 ) . The 
10 microcomputer then determines whether the set dehydration 
time period has elapsed or not (step P8). When the 
rotational speed exceeds the reference value N 1 before lapse 
of the reference time period , the dehydrating operation 
is executed until the set dehydration time period elapses. 
15 Subsequently, the washing machine motor 16 is deenergized so 
that the rotation of the rotational tub 14 is stopped, 
whereby the dehydrating operation is completed (step P9). 

In the case where the detection switch 24 is actuated 
(step P4) or where the rotational speed is at the reference 
20 value N 1 or below even when the reference time period t 1 has 
elapsed (step P7), the microcomputer determines that an 
abnormal vibration is occurring and executes steps PI 0 
through P1 4 for correction of the unbalanced state of the 
dehydration tub. More specifically, first, the washing 
25 machine motor 16 is deenergized so that the rotational tub 
14 is stopped (step P10) and the drain valve 19 is closed 
(step P11). Then, the water-supply valve 23 is opened so 
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that the water is supplied to reach the set water level 
(step P12). The washing machine motor 16 is then energized 
so that the agitator 15 is driven for a predetermined period 
of time (step P13). The drive of the agitator 15 agitates 

5 the clothes such that an unbalanced distribution of the 
clothes in the rotational tub can be dissolved. 
Subsequently, the drain valve 19 is opened for the drainage 
(step P14) and then, the microcomputer advances to step P2. 
It is considered that the transverse vibration 

0 component is larger than the longitudinal vibration 
component in the vibration mode of the rotational tub 14 and 
vice versa, depending upon the unbalanced distribution of 
the clothes in the rotational tub 14. When the transverse 
vibration component is larger than the longitudinal 

5 vibration component, such transverse vibration component is 
detected by the detection switch 24 via the detecting lever 
25. 

On the other hand, when the abnormal vibration is in 
such a mode that the longitudinal vibration component is 

0 relatively large and the transverse vibration component is 
too small to be detected by the detecting lever 25, the 
abnormal vibration in this mode is detected by the second 
abnormal vibration detecting means determining whether or 
not the rotational speed has exceeded the reference value N-j 

5 upon lapse of the reference time period t1 . Since the 
detection of this kind of abnormal vibration is based on the 
rotational speed of the washing machine motor 16, even the 
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abnormal vibration mainly composed of the longitudinal 
component can be reliably detected, while this kind of 
abnormal vibration cannot be detected in the arrangement 
that the actual motion of the rotational tub is converted to 
5 a mechanical stroke. Consequently, the abnormal vibration 
can be reliably detected regardless of the directions of 
vibration and degree of vibration. 

Although the invention is applied to the automatic 
washing machine in the foregoing embodiment, the invention 
1 0 may be applied to the dehydration control of twin-tub type 
washing machines. 

The foregoing disclosure and drawings are merely 
illustrative of the principles of the present invention and 
are not to be interpreted in a limiting sense. The only 
15 limitation is to be determined from the scope of the 
appended claims. 
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CLAIMS 

1 . An abnormal vibration detecting device for a washing 
machine having an outer cabinet, a rotational tub mounted 
via elastic suspension means in the outer cabinet for 
5 enclosing clothes to be washed and an electric motor driving 
the rotational tub in a dehydration operation, the abnormal 
vibration detecting device comprising: 

a) rotational speed detecting means for detecting a 
rotational speed of the rotational tub, the rotational speed 

10 detecting means generating a detection signal representative 
of the detected rotational speed of the rotational tub; 

b) storage means for storing data of predetermined 
rotational speed rise characteristics of the rotational tub 
as abnormal condition determining data, the predetermined 

15 rotational speed rise characteristics being in accordance 
with rise characteristics of the rotational speed of the 
rotational tub when the rotational tub is rotated in an 
unbalanced state; and 

c) abnormal condition determining means comparing data 
20 of the rotational speed represented by the detection signal 

generated by the rotational speed detecting means with the 
abnormal condition determining data stored in the storage 
means, for determining whether or not the rotational tub is 
being rotated in the unbalanced state. 



2. An abnormal vibration detecting device according to 
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claim 1 , further comprising switch means for detecting a 
swinging motion of the rotational tub, the switch means 
generating a signal in response to the swinging motion of 
the rotational tub. 

5 3. An abnormal vibration detecting device according to 

claim 1 , wherein the abnormal condition determining data 
stored in the storage means corresponds to the rotational 
speed rise characteristics of the rotational tub in a range 
of the rotational speed of the motor between the rotational 
1 0 speed of the motor at a maximum torque thereof or above and 
an ordinary rotational speed of the motor or below. 

4. An abnormal vibration detecting device according to 
claim 1 , wherein the abnormal condition determining data 
includes data of a set elapsed period from the time of 

1 5 energization of the motor for the purpose of starting and 
data of a set rotational speed at the time when the set 
elapsed period has elapsed. 

5. An abnormal vibration detecting device according to 
claim 1 , wherein the rotational speed detecting means 

20 comprises circuit means for detecting a phase difference 
between a voltage applied to the motor and a motor current 
and means for obtaining a signal representative of the 
rotational speed from a magnitude of the phase difference 
detected by the circuit means. 
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6. An abnormal vibration detecting device according to 
claim 2, wherein the abnormal condition determining data 
stored in the storage means corresponds to the rotational 
speed rise characteristics of the rotational tub in a range 

5 of the rotational speed of the motor between the rotational 
speed of the motor at a maximum torque thereof or above and 
an ordinary rotational speed of the motor or below. 

7. An abnormal vibration detecting device according to 
claim 2, wherein the abnormal condition determining data 

0 includes data of a set elapsed period from the time of 
energization of the motor for the purpose of starting and 
data of a set rotational speed at the time when the set 
elapsed period has elapsed. 

8. An abnormal vibration detecting device substantially 
5 as herein described with reference to the accompanying 

drawings . 
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